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The continual depletion of fossil fuels and increased green-house emissions 
are persuading the consumers to install micro-renewable energy sources- 
based water pumping system. Among numerous energy sources, the solar- 
PV plays a significant role in water pumping application due to its virtuous, 
environment friendly, noise-free and abundant nature, so on. Along with 
solar-PV, the grid integrated system enables the continuous operation of 
water pumping system during varying temperature and irradiance conditions, 
and also delivers available solar-PV energy to grid during non-functional of 
pumping system. The above operations are carried by using bidirectional 
inverter which is controlled by using unit-vector control (UVC) technique. It 
consists of proportional-integral controller, which is not suited for regulation 
of DC-link voltage at desired level because of improper selection of gain 
values. In this work, an intelligent hybrid-fuzzy logic based UVC technique 
evidences the intelligent knowledge base for better regulation of DC-link 


voltage and power-flow of bidirectional inverter. The performance and 
operation of proposed hybrid-fuzzy logic control UVC technique for solar- 
PV/Grid integrated water-pumping system is evaluated under various 
operating cases by using MATLAB/Simulink tool; simulated results are 
conferred with superlative comparisons. 
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1. INTRODUCTION 

Water resources are essential in daily human life for survival in a variety of applications. 
Approximately 85% of pure water reserves are utilized for drinking, irrigation, the farming industry, and 
other purposes. Because of increased food demand and population growth, the proportion of water used will 
fluctuate in the future. As a result, there is an urgent need to come up with novel approaches based on 
modern technology to facilitate the sustainable use of water resources [1]. The source of electricity used to 
lift water from rivers ponds, and canals is a critical issue in several developing nations. Traditional pumping 
systems uses diesel, which increase fuel costs, CO2 emissions, environmental damage, and efficiency, among 
other things [2]—[6]. Generally, standalone pumping systems need an electric motor for lifting water from 
rivers lakes, or waterways and preserving it in a storage tank for later usage. The electrical motor is the most 
essential component in the pumping system [7]. In recent years, the permanent-magnet brushless DC motor 
(PMBLDC) has provided significant merits over AC or DC motors, including high efficiency, low 
maintenance, more power density, long life, reduced electromagnetic interference (EMI) loss, and so on 
[8]-[12]. The standalone solar PV system suffers significantly and fails to operate at its maximum rating 
when temperatures, irradiance levels, and climatic conditions may vary. The obtainable solar-PV energy is 
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utilized for powering the PMBLDC motor via a DC-DC boost converter that is controlled by incremental- 
conductance maximum-power point tracking (INC-MPPT) which makes the PMBLDC motor is to be self- 
start drive. Furthermore, during the nighttime or when it is cloudy, the pumping system is under-utilized and 
is temporarily shut down or closed. The disadvantages of a standalone pumping system are minimized by 
using the battery energy, which is widely recognized as a backup option when unavailability of solar-PV 
system to create an efficient pumping system. However, it has inadequate transfer ability; it is costly, has a 
short life, and has a high-temperature sensibility when using battery energy as a backup solution [13]-[18]. 

On the other hand, a utility grid is used as backup energy in a solar-PV-operated PMBLDC motor- 
fed pumping system. This grid will supply the energy to PMBLDC motor, resulting in an uninterruptible 
pumping system and also delivering the full-capacity of water irrespective of operating conditions like cloudy 
or night conditions. The primary goal of this work is to establish a solar-PV/grid interface PMBLDC fed 
pumping system. When the solar-PV energy is available (constant or full radiation), no grid energy is 
utilized, and the solar PV will continually generate energy for running the pumping system. When pumping 
system is not in operational; but the solar-PV is in running condition, the generated power is distributed 
directly to utility-grid which is defined as power-supplied or generated mode. It gives extra income source to 
consumers, farmers by delivering available solar-power into utility-grid [19], [20]. 

Figure | shows the solar-PV/utility-grid integrated pumping system. It utilizes the bi-directional 
voltage-source converter (BVSC) for regulating the bi-directional power-flow by using unit-vector control 
(UVC) technique is proposed in [21]-[25]. This UVC technique regulates the power-flow along with 
maintaining DC-link voltage as constant by utilizes the proportional-integral (PI-UVC) control scheme. This 
traditional PI-UVC technique is not suitable for both bi-directional power-flow and regulating DC-link 
voltage at the desired level due to incorrect gain value selection. In this work, an intelligent hybrid-fuzzy 
logic (HFL) DC-link control of UVC technique evidences the intelligent knowledge base for better regulation 
of bi-directional power-flow and DC-link voltage. The performance and operation of proposed HFL-UVC 
control technique for solar-PV/grid integrated pumping system is evaluated under various operating cases by 
using MATLAB/Simulink tool; simulated results are conferred with superlative comparisons. 
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Figure 1. Solar-PV/grid integrated water pumping system 


2. PROPOSED CONCEPT 

The performance of proposed HFL-UVC technique controlled solar-PV/grid integrated PMBLDC 
driven pumping system has been analyzed in various operating conditions. In involves, i) only solar-PV is 
feeding the PMBLDC motor drive, 1i) only grid is feeding the PMBLDC motor drive, iii) non-functional of 
pumping system, iv) dynamic transition applied between utility-grid to solar-PV feeding the PMBLDC motor 
drive, and v) dynamic transition applied between solar-PV to both grid/solar-PV feeding the PMBLDC motor 
drive as power sharing mode, respectively. In includes, solar-PV/grid energized PMBLDC motor driven 
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water-pumping through BVSC followed by DC-DC converter. Similarly, the line-inductors of BVSC acts as 
second-order filter for counteracting the harmonic current distortions, improving the power-factor and attain 
enhanced power-quality features in grid system. The input DC voltage of BVSC is energized through utility- 
grid system transfers bi-directional power which is controlled by proposed HFL-UVC control technique. 

In this HFL-UVC technique consists of single-phase phase-lock loop for synchronization of grid 
voltage with rated current. It generates the sinusoidal voltages in vector form at rated frequency and the 
amplitude of reference current (Isaref) is obtained by differentiating the reference DC voltage (Vacarer) and 
measured DC voltage (Vaca). When it differentiates, an error has been attained which is reduced through 
traditional PI controller with ‘t’ time instants. 


Ver(t) = Vacaret (t) - Vaca(t) (1) 
Isa.er(t) = Ver(t — 1) + K, (Ver (t) — Ver(t - 1) + KiVe,(t) (2) 


The significance of an intelligent hybrid-fuzzy logic (HFL) controller is creation of symbolic 
inference system with prominent knowledge base. This HFL controller exemplifies the intelligent 
knowledge-based process with the combination of PI controller, which included FL-Membership functions 
and a HFL-rule base. Figure 2 shows the block diagram of HFL control scheme. These HFL-membership 
functions and HFL-rules are key components in HFL controller by incorporating significant human 
knowledge into an artificial knowledge base. Several attempts have been made to interpret the necessary 
enhancement in system performance by incorporating the superior learning technique to commute the HFL- 
rules and HFL-membership functions. The HFL-rule base is the heart of HFL control and the gathering of 
necessary information for depicting data manipulation values, linguistic models, and HFL-rule 
characterization, among other things. 


e(S) = Vacr — Vaca (3) 
Ae(s) =e(s )- e(s-1) (4) 


Where, e(s) and Ae(s) are the error and change in error. 


HYBRID-FUZZY LOGIC CONTROL 
SCHEME 


Gain (K 
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Figure 2. Block diagram of HFL controller 


For feasible combinations obtained from HFL-input data, a look-up table related to discrete 
universes representation of HFL control outcome is developed. The fuzzy inference system provides 
information on how the FL controller performs certain logical operations in conjunction with the knowledge 
base as "IF, and Then" from various linguistic logic functions. The HFL controller has a high robust 
performance, is model free, has a high strength index, and is operated as a subjective decision based on a 
universe-approximation technique with a HFL-rule base algorithm. The related HFL-membership 
functions and HFL-rule base is clearly depicted in Figure 3 and Table 1. The reference fundamental current 
(Isaref) Is generated by a HFL-UVC technique from grid-voltage, which extracts the phase-angle and shape of 
the grid-voltage and it is multiplied with extracted current for generation of feasible reference current as 
shown in (5) and (6). 
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Ibn (8) = FEO (5) 
[earep(t) = Isqerr(t) X Isn() (6) 


Finally, the reference current is compared with measured actual current for getting feasible 
switching states to BVSC through hysteresis current controller (HCC). The schematic diagram of proposed 
HFL-UVC technique controlled solar-PV/Grid integrated PMBLDC drive fed pumping system is depicted in 
Figure 4. The system parameters and values of proposed scheme are presented in Table 2. 
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1 


Figure 3. HFL membership functions 


Table 1. HFL-rule-base 
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Figure 4. Schematic diagram 
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Table 2. System parameters and values 


S.No System specifications Values 
1 Solar-PV Vpv-200 V, Ipy-7.5 A, Ppy-1.5 KW 
2 Grid system V,-230 Vims» Fy-50 Hz 
3 DC-link capacitor Vac-270 V, Cac- 1010 pF 
4 PMBLDC motor R,-3.58 Q; L,-9.13 mH, N,-3000 rpm, V,-270 V 
5 Switching frequency _F,-5 KHz 


3. RESULTS & DISCUSSION 
3.1. Performance of only solar-PV feeds PMBLDC drive under starting and steady-state condition 
Figure 5 shows the simulated results of when only solar-PV feeds PMBLDC drive under starting 
and steady-state condition. In this case, the solar-PV is only operated at its rated power when constant 
irradiance of S-1000 W/m/. At starting and steady-state condition, the solar-PV produces the PV voltage of 
200 V with a PV current of nearly 7.5 A attains the maximum solar-PV power of 1.5 KW as shown 
in Figure 5(a). Based on, obtained solar-PV power feeds the PMBLDC rotated at its rated speed of 3000 rpm, 
with stator current of 4.5 A and the trapezoidal back emf of 200 V, respectively as shown in Figure 5(b). 
During steady-state condition, the electromagnetic torque reaches the load torque with a value of 5 Nm which 
defines the PMBLDC motor has been self-started. 
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Figure 5. Simulation results of only solar-PV feeds PMBLDC drive under starting and steady-state condition 
(a) solar-PV results and (b) PMBLDC drive results 


A novel hybrid-fuzzy logic based UVC technique for solar-PV/grid ... (Pidatala Prabhakara Sharma) 


420 i) ISSN: 2252-8792 


3.2. Performance of only single-phase grid feeds PMBLDC drive 

Figure 6 shows the simulated results of when only single-phase grid feeds PMBLDC drive under 
running condition. In this case, the only single-phase grid feeds the PMBLDC motor drive due to nighttime 
or bad-climatic conditions. The single-phase grid supplies the required energy to energize the PMBLDC 
drive with a voltage of 230 V, rated current of 10 A and DC voltage is maintained as constant with a value of 
270 V is shown in Figure 6(a). Based on, obtained grid power feeding the PMBLDC rotated at rated speed of 


3000 rpm, with stator current of 4.5 A and the trapezoidal back emf of 200 V, respectively as shown 
in Figure 6(b). 
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Figure 6. Simulation results of only single-phase grid feeds PMBLDC drive (a) utility-grid results and 
(b) PMBLDC drive results 


3.3. Performance of solar-PV/grid integrated PMBLDC drive during non-functionality of water- 
pumping system 

Figure 7 shows the performance of solar-PV/grid integrated PMBLDC drive during non- 
functionality of water-pumping system. In this case, PMBLDC motor fed pumping system is not operated 
because of storage-tank was full. Then, the obtained solar-PV power is directly feeds the single-phase grid 
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system and produces the PV peak voltage of 200 V with a PV current of nearly 7.5 A delivers the maximum 
solar-PV power of 1.5 KW as shown in Figure 7(a). As well as, the single-phase grid receives the obtained 
solar-PV power with a voltage of 230 V, rated current of 10 A, respectively. The grid current is out-of phase 
with grid voltage represents the solar-PV feeding the grid and producing reverse power-flow of BVSC and 
the DC voltage is maintained as constant of 270 V is shown in Figure 7(b). 
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Figure 7. Performance of solar-PV/grid integrated PMBLDC drive during non-functionality of water- 
pumping system (a) solar-PV results and (b) utility-grid results 


3.4. Dynamic transition between grid integration to solar-PV feeding PMBLDC motor drive 

Figure 8 shows dynamic transition between grid integration to solar-PV feeds the PMBLDC drive. 
In this case, initially pumping system is operated by single-phase grid because of solar-PV is not operated 
due to nighttime or cloudy condition before time instant t-0.25 sec. The solar-PV results are depicted in 
Figure 8(a), it represents the sudden integration of utility-grid supplying energy to pumping system. 
Moreover, the direction of grid current is in reverse direction within the period of half-cycle and also 
maintaining DC voltage as constant with a value of 270 V as depicted in Figure 8(b). Afterwards time 
t-0.25 sec, the available solar-PV power feeds the pumping system and comes to standalone mode is depicted 
in Figure 8(c). 


A novel hybrid-fuzzy logic based UVC technique for solar-PV/grid ... (Pidatala Prabhakara Sharma) 


i 
‘S) 
is) 
UO) 


ISSN: 2252-8792 


RADITION LEVEL 


SOLAR-PV VOLTAGE 


0,22 0,24 0.26 0.28 0.3 0,32 0.34 0.36 0.38 0.4 
TIME (S) 
(a) 
SOURCE VOLTAGE (UTILITY GRID) 
T T ] 


SOURCE CURRENT (UTILITY GRID) 


DC-LINK VOLTAGE 


, 
0,24 0,26 0,28 0.3 0,32 0,34 0.36 0,38 0.4 
TIME (S) 
(b) 
BACK EMF 
STATOR CURRENT 
ROTOR SPEED 
q 
& 
z 
ELECTROMAGNETIC TORQUE 
gs 
, 10 vee ill 
z& Sha : 
0 
& 5 
LOAD TORQUE 
i 
z 0 
Bos | 
0,25 0.3 0.35 0.4 
TIME (S) 
(c) 


Figure 8. Results of dynamic transition between the grid integration to solar-PV feeding PMBLDC motor 
drive (a) solar-PV results, (b) utility-grid results, and (c) PMBLDC drive results 
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3.5. Dynamic transition between solar-PV to both grid/solar-PV feeding PMBLDC motor drive under 
power-sharing mode 

Figure 9 (see Appendix) shows the results of dynamic transition between solar-PV to both 
grid/solar-PV feeds PMBLDC drive under power-sharing mode. In this case, initially solar-PV is solely 
feeding the requisite rated energy to PMBLDC motor for driving the pumping system. Due to sudden 
variations in irradiance, the irradiance suddenly changes from S-1000 W/m? to S-500 W/m? at a time of t- 
0.25 sec, at this time period the solar-PV is not able to feed the rated capacity of PMBLDC motor. During 
this period, the grid delivers required energy to PMBLDC drive is shown in Figure 9(a), and before t-0.25 sec 
no power consumption from grid is shown in Figure 9(b). After time t-0.25 sec, the required power is 
delivered by grid producing the current of nearly 4.5 A which shows the in-phase with voltage of 230 V and 
maintains DC voltage is maintained as constant of 270 V, respectively. Based on, obtained grid power 
feeding the PMBLDC is rotated at its rated speed of 3000 rpm, with stator current of 4.5A and the trapezoidal 
back emf of 200 V, the electromagnetic torque reaches the load torque with a value of 5 Nm respectively as 
shown in Figure 9(c). The total harmonic distortion (THD) value of grid current while using traditional PI- 
UVC, FL-UVC and proposed HFL-UVC techniques are measured with a value of 3.87%, 2.05%, 1.59%, 
respectively is shown in Figure 9 (d)-(f). The THD of grid current in proposed HFL-UVC technique is well 
within IEEE-519/2014 standards. THD comparison and graphical view of grid currents in traditional PI- 
UVC, FL-UVC, and proposed HFL-UVC techniques fed PMBLDC motor drive is illustrated in Table 3 and 
Figure 10. 

Figure 11 shows the rotor speed of PMBLDC motor in traditional PI-UVC, FL-UVC, and proposed 
HFL-UVC techniques, the time domain specifications of PMBLDC motor in traditional PI- UVC, FL-UVC, 
and proposed HFL-UVC techniques is illustrated in Table 4. It represents the proposed HFL-UVC technique 
requires very low delay-time, less rise-time/peak time, low peak-overshoots and reduced settling time over 
the traditional PI-UVC and FL-UVC techniques. The proposed HFL-UVC techniques recommends the 
highly stability performance under various operating conditions in solar-PV/grid integrated pumping system. 


Table 3. THD comparison of grid currents in traditional PI-UVC, FL-UVC, and proposed 
HFL-UVC techniques fed PMBLDC motor drive 


THD (%) Grid Current 
PI-UVC Technique 3.87% 
FL-UVC Technique 2.05% 
Proposed HFL-UVC Technique 1.59% 


Table 4. Time domain specifications of PMBLDC motor in traditional PI-UVC, FL-UVC, and proposed 
HFL-UVC techniques 


Domain Specifications Delay Time (tg) Rise Time (t,) Peak Time (t,) % Peak Settling Time 
in sec in sec in sec Overshoot (%) for (t;) in sec 
PI-UVC Technique 0.058 s 0.079 s 0.088 s 3% 0.14 s 
FL-UVC Technique 0.009 s 0.03 s 0.048 s 1.25% 0.052 s 
Proposed HFL-UVC Technique 0.003 s 0.01 s 0.018 s 0.5% 0.023 s 
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Figure 10. Graphical view of grid currents in traditional PI-UVC, FL-UVC, and proposed HFL-UVC 
techniques fed PMBLDC motor drive 
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Figure 11. Rotor speed of PMBLDC motor in traditional PIL-UVC, FL-UVC, and proposed 
HFL-UVC techniques 


4. CONCLUSION 

The efficient design and performance of proposed HFL-UVC controlled solar-PV/grid integrated 
PMBLDC motor drive fed water pumping system has been validated under several operating conditions. The 
proposed HFL-UVC regulates the bidirectional power-flow and also maintaining the constant DC voltage 
enables the flexible utilization of solar-PV or grid energy to make continuous functioning of pumping system 
under cloudy or bad-weather conditions. Along with feasible operating functions, the HFL-UVC technique 
enhances the THD profile of grid current and it is well within IEEE-519/2014 standards. By using the 
proposed HFL-UVC technique, attains very low delay-time, less rise-time/peak time, low peak-overshoots 
and reduced settling time over the traditional PIL-UVC and FL-UVC techniques. When pumping system is not 
in operational; but the solar-PV is in running condition, the generated power is distributed directly to utility-grid 
which gives extra income source to consumers, farmers by delivering available solar-power into utility-grid. 


APPENDIX 


IRRADITION LEVEL 


S (w/m2) 
ar 
an =) 
S Ss 
= Ss 


Vpv (¥) 


(a) SOLAR-PV CURRENT 


Ipv (A) 


SOLAR-PV POWER 


0,22 0,24 0,26 0.28 0.3 0,32 0,34 
TIME (S) 


Figure 9. Results of dynamic transition between solar-PV to both grid/solar-PV feeding PMBLDC motor 
drive under power-sharing mode: (a) solar-PV results 
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Figure 9. Results of dynamic transition between solar-PV to both grid/solar-PV feeding PMBLDC motor 
drive under power-sharing mode: (b) utility-grid results, (c) PMBLDC drive results, and 
(d) grid current THD in traditional PI-UVC (continued) 
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Figure 9. Results of dynamic transition between solar-PV to both grid/solar-PV feeding PMBLDC motor 


drive under power-sharing mode: (e) grid current THD in traditional FL-UVC 
and (f) grid current THD in proposed HFL-UVC (continued) 


REFERENCES 


1] 
[2 


[3] 


[4 


[10] 
(11) 
[12] 


{13] 


[14] 


[15] 


[16] 


S. R. Moole, “Water Purification for Human Consumption,” in 202] IEEE Integrated STEM Education Conference (ISEC), Mat. 
2021, pp. 209-209, doi: 10.1109/ISEC52395.2021.9764038. 

E. C. Carmo, V. C. Onofri, and V. F. Mendes, “Analysis of water pumps start powered by diesel generator,” in 2018 Simposio 
Brasileiro de Sistemas Eletricos (SBSE), May 2018, pp. 1-6, doi: 10.1109/SBSE.2018.8395779. 

W. Obaid, A. K. Hamid, and C. Ghenai, “Hybrid Solar/Wind/Diesel Power System for Water Pumping Application,” in 
Proceedings of 2019 7th International Renewable and Sustainable Energy Conference, IRSEC 2019, 2019, pp. 1-6, doi: 
10.1109/IRSEC48032.2019.9078183. 

Y. Bakelli, A. Gherbi, B. Taghezouit, O. Hazil, and I. H. Mahammed, “Techno-economic evalualution of different hybrid 
photovoltaic/diesel pumping systems with water tank storage,” in Proceedings of 2016 8th International Conference on 
Modelling, Identification and Control, ICMIC 2016, 2017, pp. 399-405, doi: 10.1109/ICMIC.2016.7804144. 

N. I. Sarkar, A. I. Sifat, N. Rahim, and S. M. S. Reza, “Replacing diesel irrigation pumps with solar photovoltaic pumps for 
sustainable irrigation in Bangladesh: A feasibility study with HOMER,” in 2nd International Conference on Electrical 
Information and Communication Technologies, EICT 2015, 2016, pp. 498-503, doi: 10.1109/EICT.2015.7392004. 

P. P. Luhana, S. J. Rane, K. G. Bhatt, P. M. Chavda, and P. K. Gandhi, “Study of Electricity Generation using Renewable Energy 
Sources into Pump Storage Based Hydro Energy System,” in 202] Sth International Conference on Electrical, Electronics, 
Communication, Computer Technologies and Optimization Techniques, ICEECCOT 2021 - Proceedings, 2021, pp. 1-7, doi: 
10.1109/ICEECCOT52851.2021.9707973. 

M. A. Mossa, O. Gam, N. Bianchi, and N. V. Quynh, “Enhanced Control and Power Management for a Renewable Energy-Based 
Water Pumping System,” [EEE Access, vol. 10, pp. 36028-36056, 2022, doi: 10.1109/ACCESS.2022.3 163530. 

R. Kumar and B. Singh, “A Simple BLDC Motor Drive for Solar PV Array Fed Water Pumping System,” JET Power Electronics, 
Jun. 2016. 

U. K. Kalla, N. Bhati, K. Chariya, and I. Qureshi, “Design and Analysis of Solar PV Fed IMD Water - Pumping System,” in 202/ 
International Conference on Sustainable Energy and Future Electric Transportation (SEFET), Jan. 2021, pp. 1-6, doi: 
10.1109/SeFet48154.2021.9375744. 

B. Singh, U. Sharma, and S. Kumar, “Standalone photovoltaic water pumping system using induction motor drive with reduced 
sensors,” JEEE Transactions on Industry Applications, vol. 54, no. 4, pp. 3645-3655, Jul. 2018, doi: 10.1109/TIA.2018.2825285. 
K. V. K. Varma and A. Ramkumar, “Implementation of SPV-powered water pumping system using non-isolated SC converter 
topology,” Electrical Engineering, vol. 103, no. 3, pp. 1433-1444, Jun. 2021, doi: 10.1007/s00202-020-01170-9. 

R. Kumar and B. Singh, “Single Stage Solar PV Fed Brushless DC Motor Driven Water Pump,” JEEE Journal of Emerging and 
Selected Topics in Power Electronics, vol. 5, no. 3, pp. 1377-1385, 2017, doi: 10.1109/JESTPE.2017.2699918. 

H. K. V. Gadiraju, V. R. Barry, and R. K. Jain, “Improved Performance of PV Water Pumping System Using Dynamic 
Reconfiguration Algorithm Under Partial Shading Conditions,” CPSS Transactions on Power Electronics and Applications, vol. 
7, no. 2, pp. 206-215, 2022, doi: 10.24295/cpsstpea.2022.00019. 

A. Lilhare and S. G. Kadwane, “Solar and Grid Power Integration for Water Pump Application,” in 2022 International 
Conference on Emerging Trends in Engineering and Medical Sciences, ICETEMS 2022, 2022, pp. 401-406, doi: 
10.1109/ICETEMS56252.2022.10093631. 

A. Khiareddine, C. Ben Salah, and M. F. Mimouni, “Power management of a photovoltaic/battery pumping system in agricultural 
experiment station,” Solar Energy, vol. 112, pp. 319-338, 2015, doi: 10.1016/j.solener.2014.11.020. 

K. Rahrah, D. Rekioua, T. Rekioua, and S. Bacha, “Photovoltaic pumping system in Bejaia climate with battery storage,” 
International Journal of Hydrogen Energy, vol. 40, no. 39, pp. 13665-13675, 2015, doi: 10.1016/j.ijhydene.2015.04.048. 


Int J Appl Power Eng, Vol. 13, No. 2, June 2024: 415-427 


Int J App] Power Eng ISSN: 2252-8792 m) 427 


[17] 


[18] 


[19] 


[20] 


[21] 


[22] 


[23] 


[24] 


[25] 


A. K. Mishra and B. Singh, “Grid Interactive Single-Stage Solar Powered Water Pumping System Utilizing Improved Control 
Technique,” IEEE Transactions on Sustainable Energy, vol. 11, no. 1, pp. 304-314, 2020, doi: 10.1109/TSTE.2018.2890670. 

S. Murshid and B. Singh, “Utility Grid Interfaced Solar WPS Using PMSM Drive with Improved Power Quality Performance for 
Operation under Abnormal Grid Conditions,” JEEE Transactions on Industry Applications, vol. 56, no. 2, pp. 1052-1061, 2020, 
doi: 10.1109/TIA.2019.2960453. 

K. V. Krishna Varma, A. Ramkumar, and K. Rajesh, “Grid Integrated Eco-Friendly Pumping System for Active PFC Using 
Interleaved Boost Converter (IBC) Topology,” in 2019 International Conference on Clean Energy and Energy Efficient 
Electronics Circuit for Sustainable Development, INCCES 2019, 2019, pp. 1-9, doi: 10.1109/INCCES47820.2019.9167711. 

R. Kumar and B. Singh, “Grid Interactive Solar PV-Based Water Pumping Using BLDC Motor Drive,” IEEE Transactions on 
Industry Applications, vol. 55, no. 5, pp. 5153-5165, 2019, doi: 10.1109/TIA.2019.2928286. 

A. H. Taresh and A. M. M. Alzubaidi, “A Novel Fuzzy-Logic UV Controlled Utility-Grid Integrated Solar-PV Based Water- 
Pumping System,” in 2022 International Conference on Intelligent Controller and Computing for Smart Power, ICICCSP 2022, 
2022, pp. 1-6, doi: 10.1109/ICICCSP53532.2022.9862509. 

A. Sweatha, B. Baskaran, and P. Duraipandy, “An Extensive Review of DC-DC Converter Topologies for Water-Pumping 
Application,” in 2022 International Conference on Innovations in Science and Technology for Sustainable Development 
(ICISTSD), Aug. 2022, pp. 151-156, doi: 10.1109/ICISTSD55159.2022.10010591. 

G. Satyanarayana and K. L. Ganesh, “Incorporate of FB-MMCs Converter Topologies for Hybrid PV/FC Based EV 
Applications,” Procedia Technology, vol. 21, pp. 271-278, 2015, doi: 10.1016/j.protcy.2015.10.028. 

A. Swetha, B. Baskaran, and P. Duraipandy, “A novel voltage lifting technique of switched-inductor cell based modified LUO 
converter topology for water pumping system,” International Journal of Applied Power Engineering (IJAPE), vol. 12, no. 4, pp. 
416-428, 2023, doi: 10.1159 1/ijape.v12.i4.pp416-428. 

Z. K. Gurgi, A. I. Abdalla, and E. D. Hassan, “Simulation analysis of DC motor based solar water pumping system for agriculture 
applications in Rural areas,” International Journal of Power Electronics and Drive Systems (IJPEDS), vol. 14, no. 4, pp. 2409-— 
2417, Dec. 2023, doi: 10.1159 1/ijpeds.v14.i4.pp2409-2417. 


BIOGRAPHIES OF AUTHORS 


Pidatala Prabhakara Sharma ‘© &:4 (S received obtained his B.Tech. in EEE from KLCE, 
AP, India. He completed his Master of Technology in High Voltage Engineering from University 
College of Engineering, JNTUK- Kakinada. AP, India and pursing Ph.D. in Andhra University. He 
is currently working as Associate Professor in Electrical and Electronics Engineering Department 
in Kallam Haranadhareddy Institute of Technology, Guntur, AP, India, since 2013. He published 
more than 20 papers in international journals and conferences. He filed three patents. His area of 
interest includes electrical machines, HVDC, AC-DC power flows, and soft computing techniques. 
He can be contacted at email: prabhakarasharma@ gmail.com. 


Lingineni Shanmukha Rao © '3 received Ph.D. from Jawaharlal Nehru Technological 
University Hyderabad (JNTUH), Hyderabad, India in 2016 and M.Tech. in Electrical Power 
Engineering from Jawaharlal Nehru Technological University (J.N.T.U), Hyderabad, A.P, India in 
2006. At Present he is working as Professor and Head of the Department Electrical and Electronics 
Engineering at Kallam Haranadhareddy Institute of Engineering and Technology, Guntur, A.P., 
India. He authored four books and published more than 25 research papers in international journals 
and conferences. His research interests include power system modeling and control, renewable 
energy sources and soft computing techniques. He can be contacted at email: 
Isrlingineni @ gmail.com. 


Moparthi Ranjith Kumar © (> obtained his B.Tech. in Electrical and Electronics 
Engineering from R V R & J C College of Engineering, AP, India. He completed Master of 
Engineering in Power Systems and Automation from Andhra University college of Engineering, 
Andhra University. He is pursuing Ph.D. from Acharya Nagarjuna University, Guntur. His area of 
interest includes renewable energy sources, power quality, and facts devices. He can be contacted 
at email: ranjithkumarmoparthi @ gmail.com. 


Malineni Vidurasri © £4 B§ © is an Under Graduate student studying IV B.Tech. Electrical and 
Electronics Engineering from Kallam Haranadhareddy Institute of Engineering and Technology, 
Guntur, A.P., India. She is one of the topper at the college level who got meritorious scholarship 
and won many prizes in the technical events held at intra and inter college level. Her research 
interests include renewable energy sources. She can be contacted at email: 
vidurasrimalneni2 @ gmail.com. 


A novel hybrid-fuzzy logic based UVC technique for solar-PV/grid ... (Pidatala Prabhakara Sharma) 


